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PREFATORY NOTE 


HIS little book is a collection of talks originally 
delivered in the B.B.C. Third Programme, and 
subsequently printed in The Listener. The series was 
conceived and edited by a layman, one who has no 
claim to be a physician, a philosopher, or a scientist. 
The end in view was a conspectus of the evidence now 
available, and of the theories now being put forward, 
about what goes on in the body when men and animals 
are thinking. To be authoritative, such information 
had to come from the mouths of the men who them- 
selves made the discoveries and had worked on the 
hypotheses. It had also to be presented in a form which 
was immediately intelligible not only to a lay editor, 
but to everybody else who felt that what was being 
studied in the laboratory in this field affected him. It 
was believed, moreover, that it would be both inter- 
esting and useful to have the opinions of philosophers 
on the evidence submitted in this way by the scientists. 
Such a series of talks was bound to be an experiment 
in broadcasting if only because it was so ambitious. 
The difficulties were enhanced because of the technical 
terms used by the scientists and the unfamiliarity of 
their concepts. In reading the contributions it must be 
remembered that none of the speakers could assume 
that his hearers had listened to any of his predecessors, 
Or possessed specialist knowledge of any kind. This 
accounts for a certain amount of repetitiveness. There 
Was, moreover, no opportunity for consultation between 
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the various contributors before individual talks were 
written, though Sir Charles Sherrington’s introduction 
was sent to each of them when he was first approached. 
The personal attitude of the speakers towards the 
general problem of the physical basis of mind deter- 
mined the form of each contribution, but the responsi- 
bility for the selection of topics and the general shape 
of the series must remain with the compiler. . 

Professor Alexander Kennedy of the University of 
Durham and Dr. John Bates of the National Hospital, 
Queen's Square, have given important advice and help. 
I should like to acknowledge the patient collaboration 
of all the contributors in the original broadcasts, and 
also their permission to reprint the scripts. I should 
particularly like to record my gratitude to Sir Henry 
Dale, Professor Adrian, Dr. Wilder Penfield, and above 
all to Sir Charles Sherrington. 


PETER LasrETT. 
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THE PHYSICAL BASIS OF MIND 


I 
INTRODUCTORY 
By SIR CHARLES SHERRINGTON, O.M. 


. [Sir Charles Sherrington’s broadcast was prefaced 
' by a short address from Sir Henry Dale, O.M. He 
introduced him to his audience as ‘a veteran of science, 
still in full mental vigour in his ninety-second year, the 
greatest physiologist alive to-day. He has been the 
chief pioneer of the experimental analysis of the central 
nervous system, and his book The Integrative Action of 
the Nervous System is one of the great classics of physiology 
and medical science.’] 


Keowee of the physical basis of mind is 
making great strides in these days. Knowledge of 
the brain is growing, and our theme is almost equiva- 
lent to the physiology of the brain. Mind, meaning by 
that thoughts, memories, feelings, reasoning, and so on, 
is difficult to bring into the class of physical things. 
Physiology, a natural science, tends to be silent about 
all outside the physical. And so the study of the 
usc basis of mind suffers from falling between two 

ools. 

As a scientific study, it Began with observations— 
that loss of the brain produces loss of mind. But 
Observation of mind is not so straightforward as might 
B I 
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be thought. It is not safe even to suppose that mind 
is universally present in animal life. Most life is, I 
imagine, mindless, although the behaviour is purpose- 
ful. Mind is always an inference from behaviour, and 
that sometimes is difficult to interpret. It would seem 
that though there is matter which exists apart from 
mind, we know of no instance where mind exists apart 
from matter; that is, if we define ‘mind’ 
to do. 

That the brain is the bodily organ of the mind we 
have to accept as an established fact. It is perhaps 
somewhat surprising that the living brain is quite 
insensitive to handling, or cutting, or even searing with 
hot iron and so on. The modern surgeon has ascer- 
tained that. The most universal agent for provoking 
activity of nerve is the electric curre 


nt, but, applied to 
the living brain, it fails to evoke any obvious effect 


except in a certain limited area, and there it provokes 
not ‘thoughts,’ but limited movements of the body. 
These movements do not seem ‘willed’ to the person 
experiencing them, although he or she perceives them. 
But the electric current, when applied to the naked 
human brain, does at times call up ‘thoughts.’ The 
experienced brain-surgeon, Professor Wilder Penfield, 
has examined this effect. He finds that at certain points 


of the brain surface an electric current will call up to 
the patient a familiar scene, not always quite the same 
scene. 


There is a devastating disease of the brain called 
sleepy-sickness—not sléeping-sickness Which is some- 
thing different. Sleepy-sickness, when the acute stage 
is passed, may leave behind it great m 8 


$ 2 ental irritabilit 
and revolt against ordinary conventions of society. es 
> 


as we agreed 
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to violence. It is found that the sufferer can often be 
relieved of this perversion of mind by surgical operation 
on the brain. The surgeon cuts certain large bundles 
of nerve fibres connecting the front part of the brain 
with the rest of the brain—an operation called ‘pre- 
frontal leucotomy.’ As the patient gets well from the 
wound the condition of his personality is found to have 
improved; he often becomes quiet and reasonable, and 
remains so. Again it has been known for some years 
that electrical examination of the surface of the head 
detects electrical activity of a rhythmic kind going on 
almost continuously in the brain. Professor Adrian, 
who has studied this, will, I expect, tell us about it, and 
no one living is better able to do so. 

The physical basis of mind encroaches more and more 
upon the study of mind, but there remain mental events 
which seem to lie beyond any physiology of the brain. 
When I turn my gaze skyward I see the flattened dome 
of sky and the sun’s brilliant disc and a hundred other 
visible things underneath it. What are the steps which 
bring this about? A pencil of light from the sun enters 
the eye and is focused there on the retina. It gives rise 
to a change, which in turn travels to the nerve-layer at 
the top of the brain. The whole chain of these events, 
from the sun to the top of my brain, is physical. Each 
step is an électrical reaction. But now there succeeds 
a change wholly unlike any which led up to it, and 
wholly inexplicable by us. A visual scene presents itself 
to the mind; I see the dome of sky and the sun in it, 
and a hundred other visual things beside. In fact, I 
perceive a picture of the world around me. When this 
visual scene appears I ought, I suppose, to feel startled; 
but I am too accustomed to feel even surprised. 
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It is a far cry from an electrical reaction in the brain 
to suddenly seeing the world around one, with all its 
distances, its colours and chiaroscuro. Philosophers 
to-day, I fancy, incline to dividing the world of our 
experience into two sorts, a material and a spiritual. 
On the other hand, our scientists, I fancy, lean towards 
accepting mind itself as a form of energy. I would like 
to hear Lord Samuel on this. The Victorian era wit- 
nessed violent divergences of doctrine upon it. John 
Stuart Mill protested against those who supposed that, 
for seeing, the possession of an eye is a necessity. On 
the other hand, the oracular Professor Tyndall, presid- 
ing over the British Association at Belfast, told his 
audience that as the bile is à secretion of the liver, so 
the mind is a secretion of the brain. 

Aristotle, 2,000 years ago, was asking how is the 


mind attached to the body. We are asking that 
question still. 


II 
WHAT HAPPENS WHEN WE THINK 
By E. D. ADRIAN, O.M. 


I SUPPOSE everyone who tries to understand what 
is going on in the brain must suffer from time to 
time from the feeling that he has chosen a really 
insoluble problem, not merely a very difficult one. 
Heaven knows, it is going to be difficult enough to 
make an intelligible picture of the working of an organ 
which has millions and millions of parts and is respon- 
sible for all the complicated things we can do: but 
difficulties of that sort could be faced. The real trouble 
comes from the feeling that there may be an important 
part of the. picture which can never be fitted in, how- 
ever long we may work at it. 

Sherrington explained why we should have these 
misgivings. The part of our picture of the brain which 
may always be missing is, of course, the part which deals 
with the mind, the part which ought to explain how a 
particular pattern of nerve impulses can produce an 
idea; or the other way round, how a thought can 
decide which nerve cells are to come into action. It 
is a very old difficulty and nowadays some of the 
philosophers tell us that if we look at it in the right 
Way it is not as serious as it seems. But the physiologist 
cannot look at it except as a natural scientist and at 
present that seems almost certain to lead him into 
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trouble. My own feeling is that before the trouble 
comes to a head it will have been solved by some 
enlargement of the boundaries of natural science, by 
the progress of psychology, for instance. In fact, 
psychology can scarcely get along without coming to 
terms with the relation of body and mind. 

So for the present we can set aside these misgivings 
and go on trying to find out what sort of physical and 
chemical changes are taking place in the brain when 
the mind is'at work. There has been some progress in 
this field and it is bound to make the ultimate problem 
more definite even though it may never lead to the 
final solution. 
t which we still know very 
important that I ought to 


in certain directions. W 
show what really does h. 
good deal of evidence ab 
are formed, there is all Pavlov’s wor 
reflexes, for instance, on learning in ani 
that it takes a few seconds for a memory to b 
fixed in the brain. We. know that some parts of the 
brain can be removed without causing any loss of 
memory and that other parts are best left alone. But 


€ have no direct evidence to 


€ securely 
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what actually happens in the nerve cells is still quite 
uncertain. And as all our thoughts depend on what we 
have learnt, we shall not know much about what 
happens when we think until we have found out more 
about what happens in the nervous system when we 
learn something. 

Now let me pass from that to say what we do know. 
You must think of the brain as a very large sheet of 
nerve cells, so large that it is thrown into folds to make 
it fit inside the skull. It communicates with the sense 
organs and with the muscles by long nerve fibres— 
threads which have the power of conducting signals 
very rapidly. There are about 10,000,000,000 nerve 
cells in the brain, and they are connected by an inter- 
lacing network of threads so that a cell is rarely active 
without influencing its neighbours. The essential 
activity seems to consist in a sudden change in the cell 
surface which allows a momentary escape of some of 
the molecules. This surface change can be repeated at 
very short intervals so that the cell may become active 
and inactive as often as fifty times a second, and each 
time it becomes active an impulse will pass out from 
the cell to its neighbours or further afield to other parts 
of the central nervous system. 

To maintain all this activity the brain needs a large 
blood supply to bring it oxygen and foodstuffs—sugar 
particularly—and the blood supply cannot be inter- 
rupted for more than a few seconds without bringing 
the machinery to a standstill. That happens some- 
times in the ordinary fainting fit when our mind goes 
out of action because the brain has not enough blood 
supply to keep the nerve cells working. 

A great deal is already known about the structure 
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of the brain, the routes by which the nervous signals 
enter and leave it, and the way in which one part of 
the sheet of nerve cells is connected with another. And 
we know something of the functions of the different 
parts from observing what happens when they are 
damaged. For instance, injury in a certain region on 
the left side will cause aphasia; that is, difficulty in 
using words: injury in another region will paralyse the 
hand, and so on. But to find out what is actually going 
on in the cells at any moment we must use a more 
direct method, which depends on the fact that when- 
ever nerve cells or fibres are active they produce elec- 
trical effects—rapid changes of potential corresponding 
to the changes in the surface membrane. 

The electrical chan 
only be detected b 
the cells or wit the f 


The impulses usually follow one another in a rapid 
series—from ten to two hundred a second, or more — 
and a good many nerve fibres are usually needed to 
carry the message. , 

So when we see a light or hear a Sound, the first 
thing that happens in the brain is the arrival of a great 
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many nerve impulses. The messages that come in are 
all very much alike, but they arrive by different routes. 
Those from the eye are sent to the back of the brain 
and their arrival there makes us see; those from the 
ear go to the side and when they arrive there we hear 
something. The arrival of the signal is only the first 
Stage: if the nerve cells of the brain were put out of 
action by an anaesthetic, the impulses might still reach 
them but we should neither see nor hear, we should be 
unconscious. We can only be conscious when our brain 
1s in the normal waking state, and in this state many 
of the nerve cells are in constant activity, whether 
signals are arriving or not. A record from the surface 
of the brain would show electrical oscillations taking 
place all the time, oscillations due to groups of nerve 
cells continually discharging. In fact, one may liken 
the conscious brain to a sheet of water constantly 
disturbed by the wind, with all sorts of ripples on its 
Surface. When we go to sleep the ripples, the electric 
Waves, die down and mental activity ceases, though 
there is some return of activity in the nerve cells if we 
begin to dream. A signal coming in from a sense 
Organ to the waking brain will disturb the ripples like 
a pebble thrown into the water. But the surprising 
thing is that a disturbance of this kind in one part of 
a sheet of nerve cells should make us see a light, and 
that the same kind of disturbance in another part 
Should make us hear a sound. 

Unfortunately, most of these electrical patterns can- 
hot be recorded properly unless the brain is exposed so 
that the electrodes can be brought very close to the 
nerve cells. The potential changes are too small to be 
detected through the skull. But there is one kind of 
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nerve cell activity which can be followed more € 
because the potential waves are larger and simpler. 2 
is the activity known as the alpha rhythm. T i 
electroencephalogram—the record of brain poten 
from the scalp—was first investigated by Hans Berge 
twenty years ago. He found that in most people sitting 
with the eyes closed, and the attention relaxed rai 
were regular potential changes at the surface of t 
head, changes of about a twentieth’ of a millivolt occur- 
ring at the rate of about ten a second. The ry 
takes place in the nerve cells over a considerable pe 
of the brain surface; but it always stops if the subjec 
opens his eyes and looks at something or if his attention 
is arrested by an unusual noise or concentrated on à 
problem—on mental arithmetic, for instance. 


'To give such large, 
cells must h 


regular beat, 


t then, does not involve 
widespread changes in cell activi 
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a gross change like the disappearance of the waves. 
There are other gross changes which can be made to 
occur in rather artificial conditions: for instance, if you 
look at a flickering light the nerve cells at the back of 
the brain will start responding at the same rate as the 
flicker, and similar effects have been found recently 
with other kinds of sensation. 

So records made through the skull cannot tell us 
what the subject is thinking about, but they can tell 
whether he is concentrating his attention; and, if he 19. 
looking at a flickering light, they can tell us how rapidly 
it is flickering. That is at least a beginning, though it 
may be some time before we can go much further. We 
know something about the preliminary stages in seeing 
a light, the arrival of the signals from the eyes and the 
first response of the brain cells to these signals. But 
when the pebble is thrown into the sheet of water the 
ripples which it sets up will spread widely, and will 
Start all sorts of complicated patterns with the other 
ripples which were going on before. We shall have to 
trace out the complex patterns of nerve cell activity 
which are set going by the signal, and the human 
brain is so large that a complete survey may be out of 
the question. 

But I think there is a reasonable hope that we may 
be able to sort out the particular activities which 
coincide with quite simple mental processes like seeing 
or hearing. At all events that is the first thing the 
physiologist must do if he is trying to find out what 
happens when we think and how the mind is influenced 
by what goes on in the brain. 


III 


THE STRUCTURE OF THE BRAIN AND 
THE PROCESS OF THINKING 


By W. E. LE GROS CLARK 


S LOBE We begin by considering the sort of mental 

impressions which we get when we examine, say, A 
orange. Our mental impressions depend, in the firs 
instance, on the fact that a number of different sense 


organs which we possess are thrown into activity- 
From each of these sens 


fine nerve fibres eme 
termed the central ne 
brain and spinal cord 

When a sense or 


gan is excited into activity, this 
to the centra] nervous system by 


organs are ultimately carried up to the braj 


make it possible for us to recognize the shape and size 


At the same 
f the orange 


in the €ye, the 
12 : 3 
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.retina—and immediately hundreds of thousands of 
nervous impulses speed along the optic nerve to the 
brain. These provide the information whereby we can 
distinguish all the details of the appearance of an 
orange—such as its form and colour. Again, molecular 
particles, diffusing into the surrounding air from the 
surface of the orange, may excite the lining membrane 
inside the nose, and nervous impulses which connect 
this membrane with the brain will then permit us to 
recognize its characteristic smell. 

. But all these nervous impulses do not give rise to a 
conscious sensation just as soon as they reach some 
region of the central nervous system. When the sense 
organs of touch in the skin of the hand are excited into 
activity, the signals which are transmitted from them 
first enter the spinal cord, which is an important part 
of the central nervous system, but if the connections 
between the spinal cord and the brain are interrupted, 
the touch is not felt just by means of the spinal cord 
alone. Somehow or other the signals must be trans- 
mitted up the spinal cord to the brain before a sensation 
1$ experienced. 

As a matter of fact, many of the sensory nerve fibres 
of the spinal nerves end almost as soon as they enter 
the spinal cord. They end by breaking up into fine 
networks which penetrate among clusters of nerve cells 
Of the cord itself, and come into direct contact with the 
Cells themselves. From these cells a new lot of nerve 
fibres take their origin and stream up the spinal cord 
to the brain. In other words, the signals which are in 
the first place transmitted to the spinal cord from the 
skin are passed on to groups of cells in the cord and 
relayed through them up to the brain. Or suppose we 


a 
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take the case of impulses carried along the optic nerve 
from the eye. The majority of these end in a mass of 
nerve cells at the base of the brain. But they do not 
there give rise to a visual sensation. It is only when the 
impulses have been relayed from the base of the brain 
to a much more complicated mechanism in the grey 
matter on the surface of the brain—the cerebral cortex— 
that a conscious sensation becomes possible. 


under the high power of the microscope, 

Now if you look at a thin slice of brain tissue under 
the microscope—a slice which has been stained by 
special dyes to make the fibres stand out clearly—you 
get a most confused picture. Thousands and thousands 


> 1t would appear to 
be an impossible task to trace any single group of 


nerve fibres to its ultimate destination through such a 
labyrinth. F ortunately for the anatomist, however, 
there are things which make the task less difficult than 
it otherwise would be. One is that, if a nerve fibre is 
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interrupted by some injury, it undergoes a process of 
degeneration and crumbles into little fragments which 
finally disappear altogether. By applying special 
staining methods it is possible to distinguish degener- 
ating fibres from the normal fibres with which they 
may be intermingled. 

Suppose, therefore, you have the opportunity of 
Studying the brain of somebody who has died after a 
Severe injury which has severed the optic nerve on its 
Way from the eye to the brain. Then, by using the 
special staining methods, you can follow the crumbling 
fibres of the optic nerve into the brain and find out 
exactly where they end. You can do the same thing 
€ven if only a few fibres from one particular spot in 
the retina have been interrupted. In this way it has 
been found that each local spot in the retina is linked 
With a correspondingly local group of cells at the base 
Of the brain. This is the orderly arrangement which 
ultimately makes it possible for us to distinguish the 
Telative position in space of any object which comes 
Within our field of vision, Now if we want to find out 
the pathways along which signals from the retina are 
relayed on to the cerebral cortex, or surface layer of 
grey matter, we can do so by studying the brain in 
Cases where some injury has interrupted those pathways 
either partially or completely. j 

Work like this is tedious, and there are involved all 

inds of technical difficulties. But, by making use of 
Such methods, the connections between one part of the 
Central nervous system and another. is being worked 
out bit by bit—for example, the pathways along which 
different kinds of sensory nervous impulses come to be 
finally distributed to the more highly organized parts 
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of the brain. Incidentally, also, by following pathways 
in this manner, we can often get some clue to the extent 
to which they separate or combine with each other. In 
the one case opportunity is provided for the sensory 
impulses which are carried along these pathways to 
become sorted out into different categories; in the other 
Case, the opportunity is provided for impulses from 
diverse sources to interact with each other. It is 
elementary mechanisms of this kind which ultimately 
make it possible for us to discriminate between one 
sensation and another, or to integrate sensations of 
various qualities so that we are able to form a mental 
impression of an object as a whole. A 

, Another thing which helps the work of the anatomist 


run together in bundles. These bundles—or fibre 
tracts, as they are called—are in some cases sufficiently 
d and traced for some dis- 


An example ofthis is the impulses 
cord in a bundle which is quit 


€ well loca]; h 
side near the surface. Indeed, j, ;,  " lized on eac 


> It Is possible in special 
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circumstances to cut this tract as a surgical operation 
in order to prevent the patient from feeling pain in 
certain regions of the body—without at the same time 
seriously interfering with other kinds of sensation. 
Similarly, there are other tracts (or bundles of fibres) 
passing up the spinal cord in other positions, carrying 
impulses which permit us to appreciate the hotness or 
coldness of any object which we may handle, or to 
perceive the lightest touch on any part of the body. 
By following these tracts one by one, we are beginning 
to find where the impulses concerned with different 
sensations finally end. And we are beginning—but only 
Just beginning—to get some sort of idea what is the 
final destination in the brain which they must reach 
if they are going to give rise to a conscious sensation. 

Now let us take a look at this brain as a whole. A 
human brain weighs about fifty ounces, and most of it 
1s made up of two large oval masses, side by side, called 
the cerebral hemispheres. These are connected to- 
gether across the middle line by a bridge of nerve 
fibres which allows them to work in harmony with each . 
other. From the middle of the base of the brain there 
comes down a stalk-like mass of nervous substance— 
the ‘brain-stem’—through which the cerebral hemi- 
spheres above are linked up with the spinal cord below. 
The brain-stem is largely made up of great numbers of 
ascending fibre tracts along which signals from sense 
Organs over most of the body are transmitted up to 
the cerebral hemispheres. It also contains important 
descending, or motor tracts, whereby impulses can be 
sent down from controlling centres in the brain by 
means of which are initiated movements of muscles and 
SO on. 

c 


in mam- 
i i uch in 
complexity f the pattern varies very m 


it is particularly marked i 
mals of different Species: it is particularly mar! 


; d 
lose-meshe 
densely packed nerve cells pervaded byac 
POE fibres. Some of these fibres have come up 


lid masses of grey 
matter of various kinds. We Will refer to only one of 
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these—the oval masses (one on either side of the mid- 
line) which comprise what is called the thalamus. The 
thalamus is made up of numerous groups of nerve 
cells, and its importance from our point of view is that 
it comprises a series of relay stations through which 
Most sensory impulses must pass before they can reach 
the cerebral cortex. One group of cells in the thalamus 
(arranged in a rather intricate pattern of layers) passes 
9n signals from the eye to a local area of cortex at the 
very back end of the brain. Another group serves to 
transmit impulses from the ears to another local area of 
Cortex. Still another group relays the impulses which 
originate in the sense organs of the skin to its own 
Particular cortical area. Now these groups of cells are 
More than simple relay stations—they are also ‘sorting 
Stations’ which allow for the resorting of the incoming 
Impulses so that they are then projected on to the 
Cerebral cortex in a new kind of pattern. It is now 
eginning to appear that the discriminatory powers of 
the mind (that is, our capacity to distinguish different 
elements of sensation) may depend very much on the 
nature of those patterns—and it is the anatomist’s job 
to map them out so far as his technical methods allow 
him to do so. 4 
If the visual cortex receiving impulses relayed to it 
from the retina is destroyed by injury, we no longer 
have any conscious sensation of sight. If the auditory 
Cortex receiving impulses relayed from the organ of 
hearing is entirely destroyed, we no longer have any 
Conscious sensation of sound. So it looks as though the 
anatomical mechanisms in the cortex have an intimate 
relationship to our capacity for conscious perception. 
But it does not follow that as soon as sensory impulses 
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Impulses from one relay centre to another. The diffi- 
culty, however, is that the time intervals are so short— 
a matter of thousandths of a second. 
BU 4s another interesting point for the anatomist 
m Out the cerebral cortex; it has not the same structure 
mee On the contrary, it can be divided up 
NAM REM number of different areas, each of which 
h € distinguished by its characteristic structure. 
differ. Is increasing evidence that this structural 
ru rentiation of the cortex in some cases betokens a 
ix ‘sponding functional differentiation, for different 
reas have different arrangements of fibre connections 
SM other parts of the brain. There was at one time 
T deal of criticism of this conception of functional 
ae ization in the cortex, on the grounds that any form 
oor RS experience must necessarily involve. the 
OR ofthe brain asa whole. But, in fact, there is no 
! nesis between these ideas. For, as I have just 
mentioned in reference to the visual area of the cortex, 
€ach anatomical area is linked by association fibres 
With certain other cortical areas, and some of the latter 
lave direct connections with the deep masses of grey 
matter through which the activity of the brain as a 
Whole can be immediately influenced. In fact, it is one 
9f the remarkable features of the cerebral cortex that it 
Combines so efficiently in one organization the machin- 
ery for analysing incoming impulses, and also the 
Machinery which permits their immediate interaction 


and integration. i ; 

The outstanding feature in the evolution. of man 
from lower animals has been the progressive expansion 
of the brain relatively to the size of the body, and it is 


Interesting to note that this expansion has to a con- 


Accessioned Nod eus 


22 THE PHYSICAL BASIS OF MIND 


siderable extent involved the surface grey matter of the 
cerebral cortex, and the other parts of the brain 
directly connected with it. The very intricacy of the 
organization of the cerebral cortex permits a far wider 
range of actions and reactions in response to sensory 
impulses than the simpler organization of the more 
primitive centres of the brain. For while the primitive 


of the brain. 
This transference from t 
is rather wel 
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different intensities of light. 
destruction of the vistial cortex me indi d 
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stimulus are quite restricted. In man these a jun 
have all been taken over by the Cortex, E HL ae a 
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relation to this fact that the range of his reactions to 
à visual stimulus is practically limitless. 

There is reason to suppose that this phenomenon of 
the corticalization of brain function (as it is called) is 
E only an essential preliminary for the development 
E all those complicated mental processes which are 

Istinctive of man among all other mammals. It also 
ee the anatomical machinery through which the 

scious control of behaviour is made possible. 
B size of the brain in proportion to the body- 
eight is, of course, one of the distinctive features of 
ae anatomy. Its weight is two or three times that 
5 Er argest ape, the gorilla, and it seems to have taken 
ea of several million years for man to achieve 
GIC prodigious development of his brain. On the 
DAE de the fossil evidence indicates that the human 
o as not appreciably changed in its size for about 
9000 years. 'There seems to be no evidence that 
man's brain is undergoing any further evolutionary 
expansion—or that it is even likely to do so. But it 
May well be argued that there are still tremendous 
Opportunities for us to make evolutionary advances by 
learning how to make much fuller use of the brain 
With which we have already been equipped. It is an 
instructive fact that the size of our brains to-day shows 
an astonishing range of individual variation, and yet it 
has not been possible within wide limits to relate these 
differences to differences in intellectual capacity. A 
genius may have a brain of average size—or even 
rather smaller than average size—and no anatomist 
(even with the aid of the microscope) has yet been able 
to show any consistent difference between the intrinsic 
structure of the brain of a genius and the brain of a 
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man of average intelligence. On anatomical grounds, 
therefore, it would seem that the main asset of the man 
of genius is not that he has been provided (ready made, 


In conclusion, T might emphasize—though perhaps 
1t 15 not really necessary to do so—that the anatomist 


is primarily concerned with the study of the brain. as 
the material substratum of x 


be necessary as a basis for menta] 
should say, for the manifestations 
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THE MECHANISM OF THOUGHT: THE 
MIND AND THE CALCULATING 
MACHINE 


By S. ZUCKERMAN 


E his introduction Sir Charles Sherrington reminded 
us that physiology, as a natural science, is only 
Concerned with physical matters, and that mind is 
an inference from behaviour. Both he and Professor 
Adrian also indicated that there may be mental events 
Which lie outside any possible explanation of the way 
the brain functions. While this is a question essentially 
for philosophers; it is necessary—in my view—that the 
Physiologist and anatomist should be aware of the way 
they define mind, however vague it is. It matters a 
great deal whether mind is regarded as something which 
is distinct from, and which animates the body—or 
whether the word is thought of as a generic term to 
Cover such processes as feeling, thinking, remembering, 
Perceiving, and so on. If mind is conceived of as some- 
thing which interacts with body—or as some parallel 
manifestation to body—the scientist may be misled into 
trying to solve problems which may prove unreal. 
For example, I’m not convinced about the validity of 
the proposition—raised by Professor Le Gros Clark— 
that some parts of the brain have the special function 
of transforming measurable electrical impulses into 


Consciousness. 
25 
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Tf, on the other hand, we take mind as a verbal cloak 
for such processes as perceiving, abstracting, and 
reasoning, and focus our attention on these, we are in a 
better position to see how far any of them—as processes 
—can be explained in physical terms. 

Those who have preceded me in this symposium have 
already described the physiological events which under- 
lie perception. I therefore take it that we know roughly 
what happens when our sense organs are stimulated by 
the environmental changes to which they respond, and 
about the passage of electrical impulses in the nervous 
system. Perception is the process by which we become 
aware of changes in our internal and external environ- 


ments: In less evolved forms of life its mechanisms are 
few and simple. In ours 
and each of 


ment. A man sees or hears à car rushing at him, and 


Simple reactions like these are the 
and learning can occur 
Worm put in the stem of 
Y will always go up the 
if it receives an electric 


d is placed in front 
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it will not be long before the animal’s mouth waters 
when the bell is rung in the absence of food. 

_ These are simple examples of the process of condi- 
tioning. Complicated responses can also be condi- 
tioned. The process is associated with emotional tone, 
Success leading either to satisfaction or to an avoidance 
of discomfort or injury. We know a great deal about 
the characteristics of conditioning, and it is the basis of 
what is called trial-and-error learning. Some students 
also believe in the existence of another kind of learning 
called learning by "insight—a word which is used 
to describe the apparently sudden appreciation of the 
solution to problems. The relationship between this 
kind of learning and trial-and-error or conditioned 
response learning is, however, by no means clear. 

. Whether the two are related or distinct, learning 
1s not a series of specific responses to individual sensory 
experiences—that is, to specific and absolute events in 
our environment. It has a more general character. 
For example, we know a table to be a table from 
whatever angle it is viewed, whatever its size or colour. 
Animals do the same, responding in the same way in 
spite of what seems to be considerable changes in the 
stimulus pattern. Furthermore, we can transfer a 
stimulus pattern from one to another of our senses. If 
we feel a coin in the dark, we know what it is and can 
transfer the sense of it, say, to our vision. A dog seems 
to build an impression of his master either from a sight 
of him in the distance, from the sound of his voice, or 
from his smell. 4 

During our development, then, we 
types of response which are related to 
situation, and we learn to respond to 2 new s 


establish general 


general types of 
ituation 
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with the type of response which experience has shown 
to be most suitable to that type of situation. E 

Both perception and learning are characteristics of 
all living matter, They are essential parts of the 
Processes we understand by the term mind, but, by 
themselves, they do not presuppose mind. 

The physical sciences do not seem to have advanced 
far enough to define the actual physical changes which 
underlie the processes of learning. Even the most 
powerful instruments of research cannot help us at all 
here. One important view, however, is that previous 
stimulation of a group of nerve cells and fibres—which 
has led to a state of satisfaction—increases its sensitivity 


Whatever the physical Process may be, it clearly also 
applies to the process of Temembering. In remember- 
ing, past feelings and actions are evoked, and modified, 


by new things that are seen, or sensed in some other 
way. This kind of mem, 
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abstractive process which underlies symbolic processes 
of communication. But while we share this perceptual 
process with animals, the use of language and number 
Symbols—both written and spoken—seems to be our 
own particular characteristic, and the one to which we 
owe our dominance in the world of living things. We 
all know that animals lack speech and language; they 
x seem incapable of making number abstractions. 
Ome years ago, two of my students tested this out. 
They tried in carcfully controlled experiments to dis- 
Cover whether monkeys and apes understand what we 
seem to do by number. But it became more than clear 
that while they could tell the difference between one 
and two black circles—or any other set of convenient 
signs—the animals didn’t realize there was a similar 
. numerical quality in the different sets of signs used. 
Their failure was in isolating the number concept from 
the perceptual background in which it appeared, and 
In analysing it into its constituent units. The basis of 
Our thinking and reasoning powers is our capacity for 
such kinds of abstraction and for mastering many kinds 
of symbolic process. E 
Now while it is not yet possible to define in physical 
terms the processes which mind connotes, we know 
Some of the physical factors which modify their expres- 
Sion. For example, a rare hereditary change in a single 
One of the genes, as we call those elements which control 
heredity, will turn a normal humanbeing into a lunatic 
with a brain about the size of an ape’s. | Another rare 
hereditary condition—also associated with lunacy—is 
marked by an inability of the body to handle a particu- 
lar constituent in our food—phenylalanine. In this 
case the failure of the brain to function normally is 
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presumably due to a dietary and metabolic disorder. 
Advanced alcoholism and drug addiction also affect 
our mental processes: again, they can be severely 
affected by head injuries, Knowledge about the Way 
all these factors affect the expression of mind is essential 
before we can tackle the problem to which Professor 
Le Gros Clark has referred, the physical basis for 
differences in intelligence. 

It is unlikely that all this knowledge is going to be 
obtained from a direct attack on the living organism. 
There are many pitfalls in exploring mental processes 
—which in man reveal themselves in the symbols of 
language—with their self-same mental processes. For- 
tunately, however, recent developments in electronics 
allow us to represent at least part of the problem by 
analogy. Machines can be made—and exist—which 
exhibit some attributes of mental processes. The most 
important of these is self-organization—the attainment 
ofa new state of equilibrium with every new piece of 
experience, 

The brain, as Dr. Ashby put it, looks after itself by 
correcting all deviations from an optimal state, and it 


is linked with a capacity to ] 
even to act—let us say, play a game of 
human player—has been stud 
The likelihood that it can rests upon new developments 
in communication or electronic engineering, in mechan- 
ical methods of control, and in statistica] mechanics. 
An American scientist, Dr. Norbert Wiener, has coined 
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Te term cybernetics to cover this whole field of 
erest. It is derived from the same Greek root as our 
word to govern. 

The basic principle of, let us call it, the thinking 
oe is what is known as a negative feed-back. 
OM etm instrument which manifests this principle 
GO p controlling, say, a central heating 
the thé s soon as the temperature exceeds a set figure, 
de ermostat sends a message back to the control 
m n or to a master electrical switch, and the heat is 
pur - As soon as the temperature falls below the set 
E: re, the heat is switched on again. In certain types 
th Steering-gear, negative feed-back messages regulate 

€ motion of a ship which is set to follow a given path. 
E complicated examples of the use of negative 
ES ack are provided by such modern devices as the 
ai matic pilot of an aircraft, or target-secking anti- 

rcraft guns, and target-secking missiles. 

Negative feed-back also controls our muscular 
actions. We are constantly aware of the position of 
Our muscles and joints through what is called our 
Proprioceptive sense. The physical basis of this sense 
is almost as well understood as is that of vision. When 
I reach my hand out to pick up the watch in front of 
me, every stage of the movement is signalled back— 
automatically—until the distance between my hand 
and the watch becomes zero. Of course, my eyes help 
as well in controlling the movement, but even so the 
final statement as to whether I have overshot or under- 
shot must come from my arm and hand. There are 
diseases in which these automatic adjustments cease to 
be possible, and the people so afflicted become unstable 
in their gait, and exhibit tremors—in spite of the fact 
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that they still have their eyes to help them adjust their 
movements. f 

The general conclusion to which this points is this. 
At each moment during the course of a response— 
whatever its nature—information about the extent to 
which the response is less than the amount necessary 
to ensure that the goal is reached is ‘fed-back’ into the 
system. The response is thus corrected at each stage of 
the action to meet the particular needs of the particular 
movement at that moment—and a type response is 
converted into a particular response. s 

Feed-back control occurs not only in postural, 
visceral, and so-called voluntary activities, but also in 
all the chemical processes of the body and in the 
functioning of the hormones. Indeed, these last two 
exhibit the most obvious self-organizing processes. 
Thus our bodies have a host of controlling devices 
which help to maintain a fairly constant internal 
environment in spite of gross changes outside us. For 
example, if it is too hot, our internal temperature does 
not risc—instead we get flushed and sweat and lose 
heat. And if it is too cold, the blood-vessels in our skin 
contract, and heat is conserved, and we also start 
shivering, our muscles so producing heat. 

But this feed-back mechanism is only one essential 
of an automatic brain. The others afe a memory system 
and a capacity for learning and prediction. Now 
memory—by which we can understand the preserva- 
tion of past experience for future use—is not confined 
to living systems. It is also exhibited by ultra-rapid 
calculating machines. "These store the memory of each 
previous stage of an operation as they go along. This 


they do through consecutive Switching devices or 
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relays, which may operate in an analogous way to 
nerve cells. In the process of recall, a relay or nerve 
cell will fire only if it has been sufficiently activated or 
stimulated by incoming impulses from other relays or 
neurons. 

There are numerous mechanical processes for storing 
memory—of which photography is perhaps the best 

own. Another is magnetized tape or wire, which 
is the principle on which certain new dictaphones 
operate, or a large series of condensers which can 
be charged. Memory can be stored in this way for 
years and years. 

Prediction and learning are really an extension of 
memory, in so far as the trend of previous experience 
can be projected into the future. I am assured that it 
is possible to reproduce mechanically the learning 
mechanism, while prediction is an easy problem for a 
machine. A machine, for example, can calculate much 
more quickly than we can the future position of an 
aeroplane that is flying a certain course at a certain 
speed. More than that—it can estimate far more 
quickly the relative probabilities of possible alterna- 
tives. But it can do this only for one major task or 
run at a time. Between tasks it clears itself of all its 
memories. The run of a human brain lasts an entire 
lifetime. 

To go back a moment. The feed-back mechanism 
presupposes a perceptual process at the start. The sense 
organs of a brain-machine would be photo-clectric 
cells, thermometers, microphones, radar scanners, and 
so on. But perception and learning imply compari- 
son with previous perception if effective use is to be 
made of a new experience. This means that to be 
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like the human eye, the eye of a machine must not 
only be able to scan a region that is being explored 
but also to compare the impressions received with a 
general—not a particular—perceptual pattern which 


it has already fixed as memory; and the machine 
must react one way if there is a correspondence, and 
another if there is n. 


ot. This, we are told, is also feasible 
mechanically, According to some authorities mechan- 
ical recognizing devices can be made which will operate 


independently of the size or orientation of the object 


viewed—and which therefore perceive relations in the 


brain responds are, 
through past experie: 
organizing, establishi 


mental processes. There are certainly, however, years 

e i We can even begin to 
appreciate the extent of the Whole problem. i con- 
tains so many questions. Just look at a fcw— chosen at 
random. The brain is divided ; right and left halves. 
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In right-handed people mental processes, and memory, 
are much more disturbed if the left half of the brain is 
damaged than the right, and it is the other way about 
in left-handed people. How does this come about? 
Again, different parts of the uppermost part of the 
brain—the cerebral cortex—are differentiated anatom- 
ically for different functions. Visual impressions, for 
example, are referred in the first place to the hinder 
part of the brain. But exactly where and how patterns 
of visual impression unite, to form master-images— 
With simultaneous or temporally distinct patterns of 
other sensory impressions—is a mystery. No one is even 
sure yet whether intelligence—and the capacity for 
learning—are general functions of the uppermost layers 
or cortex of the brain, or attributes of special parts of 
the cortex. And lastly, why should stirring up the 
front part of the brain with a probe bring peace and, 
from the social point of view, some measure of sanity 
to certain kinds of insane people? To all these things 
there is certainly a physical basis. What it is may 
' possibly be answered in some broadcasting programme 
a hundred years from now. But—if I may return to the 
point I made at the start—I am fairly sure that we are 
not likely to find out what it is unless we continue to 
look at mental processes as events which are amenable 
to strict formulation and proper scientific inquiry. 


V 
CONSCIOUSNESS 
By ELIOT SLATER 


| HE aspects of the mind I want to consider are 
consciousness and emotion. When we consider 


Consciousness is to be 
measured in degrees; and while we only notice the 
really big changes, as from slee 
attention is not caught b 


ogists have shown that if we 
are deprived of the sensati 
bodies, in feelings of touch, Pressure, movement, and 
so on, and of our sense o Ing, we become-uncon- 
scious, even though the se £ht and smell remain. 
It is therefore only to be 
change which affects our 


Senses will affe 
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ct also, to some 
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only be experienced subjectively, but we have very 
little idea of how conscious we are. When we are 
asleep we do not know we sleep; and when we are 
half-awake we are only dimly aware that all is not as 
it should be. However, the effects of consciousness can 
be seen objectively, from outside; and the objective test 
for consciousness is the complexity and above all the 
purposiveness of a person’s behaviour. We can apply 
this test even to states which we think of as unconscious, 
such as sleep. When we are asleep we move about in 
our beds to, prevent our limbs being cramped, and to 
that extent our actions are purposive, which means we 
are partly conscious. Indeed, some people are capable 
of far more purposeful behaviour, anything from talking 
in their sleep or walking out of bed and back again, to 
the case of the man who walked out of his house and 
went fishing. 

In our waking life, too, we see all degrees of con- 
sciousness. When we first awake, we may be clumsy in 
our movements; we forget to do things in the right 
order; it is very easy, for instance, to allow the toast to 
burn. Some people can wake completely in less than 
a minute. Others are a little torpid or distrait for any 
time up to an hour. In the half-way stage between 
sleep and waking things may happen which do not 
otherwise occur to the normal man, things like hallu- 
cinations: Some people, when they are on the point 
of going to sleep, see shapes or patterns or even 
Scenes. One of my friends sees such vivid scenes, which 
change so quickly, that he entertains himself with 
a sort of cinema show for'a few minutes before he 
drops off. 

"These changes in the degree of awareness of reality 
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and in the purposiveness of our behaviour are going E 
all through the day as well. We know the signs 0! 

tiredness and hunger in our husbands, wives, and work- 
mates; but I do not think most people realize that both 
fatigue and hunger bring an actual, though slight, 


ocks of food, especially sugar, are 
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show changes in the electrical activity of the brain, and 
among these changes is the appearance of the slow 
waves I have mentioned. The really interesting ‘thing 
is that not only epileptics but also some of their relatives 
may show waves of this nature. For here there is 
another connection. Epilepsy is a disturbance of con- 
sciousness, and epileptics are liable to moods of 
irritability similar to those shown by the normal but 
hungry man. Moreover, among the relatives of 
epileptics will often be found people of unstable 
temperament, more than normally liable to moods; 
and it is mainly these unstable relatives who show the 
peculiar brain waves I have described. The brain 
waves, consciousness, and behaviour are'also liable to 
interference from other sources. If the blood is made 
less acid, or, as we say, more alkaline, changes occur in 
all three. If we wash the carbonic acid out of the 
blood, by breathing deeply and rapidly for a time, the 
brain waves change, and we may go dizzy or faint. 
It is probably because such changes may so easily 
affect consciousness that the body has developed such 
sensitive mechanisms of regulating them. The respira- 
tory centre in the brain controls the depth and speed 
of breathing, so that the blood is maintained always 
in the same state; and through the liver the blood 
sugar is controlled. As far as possible, the body tries 
to cancel out any change in the composition of the 
blood before it has proceeded more than a very small 
way. 

K in health, so in disease. Many poisons affect 
consciousness, and we can only suppose that they do so 
through their effects on brain chemistry. Everyone 
knows that anaesthetics such as ether, can reduce 
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consciousness to vanishing point, and that alcohol E 
a similar, slighter effect, though a rather more cheerfu 
one. South American Indians intoxicate themselves 
with moscal, a drug which produces the most vivid 
hallucinations. The hallucinations are visual, e 
complexly patterned and brightly coloured—such as o 
a magnificent Turkey carpet, or marble palaces, or 
brilliant. gardens. Complicated and coloured visual 
hallucinations may also be seen in epilepsy, but other- 
wise are rare. The poisons produced by disease may 
cause changes in Consciousness, even to delirium. But 
much slighter changes are common. People who suffer 
from tuberculosis sometimes have an unwarrantably 


cheerful optimism, the ‘spesphthisica.’ People who are 
convalescing from influen 
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regard the whole condition as the spread of stimulation 
in certain nervous pathways. The stimulation extends 
to that part of the nervous system which controls the 
internal organs, and to those organs themselves. One 
pair of them, the suprarenal glands, secrete into the 
blood a drug called adrenalin. We know the exact 
chemical structure of this substance. Its effects are to 
raise the pressure under which the blood circulates, so 
that many parts of the body, especially the brain, get 
a richer supply of blood. The heart has to beat more 
strongly. The liver gives up its reserves of sugar, and 
the concentration of sugar in the blood is increased. 
There are other consequences of the nervous stimula- 
tion. The mouth goes dry; the skin becomes pale and 
sweaty; the muscles become tremulous. When we 
suffer from anxiety we are aware of these changes, and 
how unpleasant they are. 

This state, the mental and physical state of anxiety, 
which usually begins as an idea, then shows itself as a 
physical change, and is finally felt as an unpleasant 
emotion, may start in a different way. Sometimes a 
tumour develops in one of the suprarenal glands. 
Without any special nervous stimulation, the gland 
secretes a larger amount of adrenalin and discharges it 
into the blood. The inevitable physical consequences 
follow; and the patient is aware of an unpleasant 
emotional state which he cannot put down to any 
appropriate cause. If physical changes of this nature 
are lasting ones, they can cause a lasting alteration of 
the personality. This occurs, above all, with injuries 
and diseases of the brain. “It is much more likely to 
occur with damage to some parts of the brain than with 
damage to others. If the occipital lobes, which lie at 
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the back of the head, are injured, there may be a form 
of blindness, but the personality will not alter much. 
If the frontal lobes, which lie at the front of the head, 
are injured, there may not be any specific defect, such 
as blindness or paralysis, but the personality may suffer. 
Some men who had head injuries in the war became 
quite different people after the injury. From being 
contented they became Constantly complaining. Previ- 
ously energetic, they became listless. At one tme 
placid, after the injury they were upset by mere trifles; 
or from being good-natured, turned into touchy, 
irritable, and Suspicious people. 

If the disease is a p 
the personality out o 
call general paralysis has this effect. Tt destroys the 
highest centres of in i 
Changes in intellect and tem 
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its success. In those patients who are considered 
suitable for it a surgical operation is carried out, which 
divides the fibres connecting the most forwardly placed 
poles of the brain, right and left, with the rest. A 
change in personality is caused which is probably 
permanent. After the operation, the patient is less 
likely to worry; he takes things more as they come. 
The tendency to anxiety is reduced. Between stimulus 
and action there is less deliberation. For those who are 
over-anxious, who are all too prone to ruminate pain- 
fully, the operation may have much to offer. On the 
other hand, there are disadvantages. Some people 
become tactless and inconsiderate. So the operation is 
not done unless the patient’s state is such that some- 
thing must be done, and only this treatment remains 
to be done. 

Let us glance over the ground we have covered. 
Consciousness and intellectual powers depend above 
all on the brain, and on its nourishment by blood of 
exactly the right quality. This is true for all such 
aspects of consciousness as perception, attention, 
memory, and reasoning. Injury of the brain or altera- 
tion of its blood supply will cause changes in conscious- 
ness. Some people have better brains than others, and 
it is likely that consciousness has a different meaning 
for the very alert, intelligent man from what it signifies 
in the very dull and stupid man. The brain, however, 
is so complex that we have not been able to find a 
visible difference in the machinery in these two cases. 
Lenin’s brain was examined microscopically in great 
detail and showed no certain difference from the 
brains of ordinary men. The brain is also responsible 
for the conscious aspects of emotion. But emotions 
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have also unconscious or only partly conscious aspects. 
These are under the control of nervous centres outside 
the brain and of bodily organs, especially certain 
glands. Differences in personality between one man 
and another may lie as much in the organization and 
regulation of these glands as in the brain itself. A 
man’s personality may be shown, not only in the lines 
and expression of his face, but even in his skeleton. 
Psychiatrists are convinced that we find a rather 
different run of personalities in men of long, thin, and 
narrow build, from the general type of personalities we 
find in short and tubby men. In the thin and narrow 
type we are likely to find anxious people, cool and 
reserved people, and people who are pedantic and 
over-meticulous. In the plump, round-faced, and 
round-bodied we are more likely to find people who 
are cheerful, sociable, energetic, and interested in 
the affairs of others. Such mental differences are 
then likely to have a physical basis, though a basis 


whose cause is not, perhaps, to be sought in the brain 
itself. 


use of such words as "consciousne 
which now seem so insuperable 
investigation, or may be shown to 
the result of our aski 
question, What we alread 
gest that the relationship b 
intimate that they are be. 


y know does, however, sug- 
etween body and mind is so 
St regarded as one. When 
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behaviour reaches a certain degree of complexity it 
will begin to have a conscious or mental aspect. The 
lower limits of mind we can see in our infants, in 
domestic animals, in the sleeping man, and in the 
mentally affected patient. Of what its upper limits 
may be we can have no conception. 


VI 
SPEECH AND THOUGHT 
By RUSSELL BRAIN 


AM going to talk about speech and thought. I want 
to begin by telling you something about what hap- 
pens in the brain when we speak, and then go on to 
upon what happens when 
we think. Professor Adrian said in his talk how difficult 


d Seeing, they take us no 
events in the brain which we 


1 at the same time both physio- 
logical and mental? Now I believe that there dams 


it is in the realm of Speech and thought that we shall: 
46 
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find them, even though at the moment they are little 
more than dim outlines seen through the mist of our 
ignorance. 

As we all know, speech has two sides to it; we listen 
to speech and we speak ourselves. I shall not have 
time to say anything about the second aspect of speech, 

+ which consists of the utterance of words: I shall have 
to confine myself to what has been called the receptive 
side; that is, the understanding of words which we hear 
and read. This element in speech scems, in fact, to be 
more closely related to thinking than the means by 
Which we express our thoughts when we have already 
arrived at them. 

I am speaking to you now, and you are listening to me. 
No doubt it seems to you a very simple process, but, in 
fact, it is so extremely complicated that it is very 
difficult to understand. Let us take as an example the 
Word ‘dog.’ I pronounce the word in one way and you 
May pronounce it in another. If I were born in Devon- 
Shire and you were born in Glasgow, or Bradford, there 
Would be considerable differences in the way in which 
We should speak, and yet we should understand one 
another. No two people pronounce the word ‘dog’ in 
exactly the same way, yet we always know what it 
means. Not only that, but I might sing it, or shout it, 
or whisper it, and it would still convey the same thing 
to you. The puzzle arises from the fact that each 
different way of pronouncing ‘dog’ causes a different 
electrical disturbance in the nervous system. High- 
pitched notes go to one spot on the surface of the brain 
and low-pitched notes go to another which, though not 
far away, is quite distinct. So if your voice is high- 
pitched you will start electrical currents moving 1n one 


t 


48 THE PHYSICAL BASIS OF MIND 


z A er, 
place in my brain, and if it is low-pitched edi s 
and every variation in the inflection of your ihe brat 
produce a different electrical disturbance in d under- 
of the hearer. And yet he will always hear an 
stand the same word. ad 
But we can go further than that. Suppose ihat T 
lost my voice and had to write the word ‘dog? a though 
it to you. It will still mean the same thing to you ade Un 
the word no longer consists of sounds, but is m il still 
of black marks on a White piece of paper; you a e 
be able to understand it, Whether it is err d 
printed, in large or small letters, in black or c mplete 
type, and in any sort of handwriting short of Ed s. 
illegibility: in many handwritings the mar blance 
people make on the paper have very little resem Here, 
to the letters they are supposed to represent. nn 
then, there is as great a variety among the v ong 
Patterns presented to the nervous system as am Ee 
Spoken words. Moreover, the patterns of things Vrai 
send electrica] impulses to a different part of the ai 
from that which is concerned with hearing. The i: a " 
quite separate centres for the sense of touch can a. d: 16 
brought in. If you can read braille, you will be et 
recognize a series of raised pimples on the paper, w. 


. t 
make a pattern quite unlike ordinary letters, and ye 
also mean the word ‘dog.’ 


Now we know that 
set of nervous pathw. 
circuits, whi 


in the brain there is a PO 
ays, like a whole series of electrica 
ch are thrown into activity whenever we 
think of the meaning of the word ‘dog’; and there are 
different sets of nervous pathways for other words. 
The problem, therefore, is to explain how a single set 
of pathways, those concerned with the meaning of the 
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word ‘dog,’ can be selected from all the others and set 
going by any one of that indefinitely large number of 
different groups of sounds and patterns on paper which 
Constitute all the possible ways of saying, or writing, or 
Printing the word so that it can be understood. When 
I dial an automatic telephone exchange I ask it a 
question to which I hope to receive an accurate 
answer, namely, the subscriber to whom I wish to 
speak, but the machine is very particular about the way 
In which I put the question. If I want Whitehall 1212, 
I must dial WHI 1212 and nothing else. No machine 
has been designed which will answer with: Whitehall 
1212 if I or anyone else speak the words and figures into 
the mouthpiece. Only the human brain can do this. 
Until the dialling machine was designed to standardize 
the way the question is asked, the human brain of the 
telephone operator had to be employed at the exchange. 
Now I do not think it is theoretically impossible to 
design a machine which could answer fairly accurately 
to the spoken voice, but I suspect that if it ever is made 
It will have to embody the same principles upon which 
the human brain works. 

Perhaps, after all, the automatic telephone does 
provide a clue to what happens in the brain. What the 
dialling apparatus does is to convert the letters and 
figures of the telephone number into a certain pattern 
of electrical impulses in time and space, which is 
different for each number. What the brain does with 
the spoken word—and no one can say how it does it— 
is to extract from it an electrical pattern in time and 
space which is distinctive of the word ‘dog,’ and com- 
mon to all the ways in which it can be pronounced, so 
as to be recognized. It is as though the meaning of the 
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word were locked up in a cupboard which had to be 
opened by a key. The curious thing is that it is possible 
to open it by a very large number of keys which 
superficially seem to be very different from one anota 
But what makes a key open a lock is a certain kind o 
pattern. The pattern of the key must be appropriate 
to the pattern of the lock, and if it is appropriate it 
does not matter whether tHe key is made of brass, or 
steel, or silver, or even gold. In the brain the patterns 


ways of pronouncing the word ‘dog’ so that it can be 
understood have something in common; that is, à 
certain pattern of sound. This in turn is capable of 
exciting in the nervous system its own particular 
pattern of nervous circuits, and this constitutes the key 
ch contains the meaning of 
the word. In somewhat the same way all the different 
ways of writing or printing the word ‘dog’ arouse a 
common pattern in a different part of the brain and this 
also fits the lock of the meaning, 


s goes on in our brains without 
our knowing anything about it. We hear or read the 


word and we know what it means, but we know 
nothing at first hand about th 


‘Is it Johnson?’ 
at once, ‘Yes, that is it? When you 
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fitted and at once you realized that that was the key 
you had lost. This illustrates the point that there are 
processes in the recognition of words of which we are 
not conscious. What I have called the lock must be 
unconscious, for you used the Johnson lock to test the 
key, yet your possession of the lock did not by itself 
enable you to remember the name. 
. Now let us turn to thought and consider an abstract 
idea: let us choose the idea of triangularity. A rat can 
be trained to recognize a triangle and distinguish it 
from a Square or a circle; such a rat may be said to be 
aware of triangularity. The process in the nervous 
System by means of which a rat recognizes a triangle is 
of the same kind as that by which a human being 
recognizes a word. The pattern of excitement aroused 
In the rat's nervous system by all sorts of triangles has 
Something in common which is distinct from that 
aroused by other geometrical figures, and this common 
pattern influences the rat's behaviour. 

dt would be possible to teach a child to recognize a 
triangle in the same way as a rat is taught. A child 
might be shown a variety of figures and given a choco- 
late when it chose a triangle and a punishment when 
lt chose anything else. But since we can speak to a 
child we can take a short cut and say, ‘A triangle is a 
figure bounded by three straight lines.’ We shall then 
have to use words to enable the child to grasp an 
abstract idea. But we must not forget that someone 
must have had the idea of a triangle before it could be 
described in words. So speech and thought interact. 
If we are to name something; the nervous system must 
be capable of recognizing a common pattern m a 
number of different objects; and, when an object has 
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already been named, this in itself helps us S e. 
what it has in common with other objects of tl Ac 
name. We can get along very well in simple pe E. 
without using words for our thinking, but as so “a 
we have to think about things which are not € if 
objects we find it difficult to think without iod atis 
You go into a room and find the cat on the 1 
drinking the milk, you take in the situation an i 
appropriately without formulating, even in bane a 
mind, the words ‘cat,’ ‘table,’ and ‘milk,’ thoug E 
would have to do so if you wanted to draw the atten id 
of someone else to what was happening. But listen 1 
this sentence from Plato: ‘Can there be any greater Pi 
in the state than discord and distraction and plurali y 
where unity ought to reign? We cannot think abou 


G : H . in 
the ideas contained in that sentence without using 
words for the purpose: 


I have spoken earli 
Without going into 


different Ways. Let us take as 
name—‘St. Paul's Cathedral,’ 


arrison Ainsworth’s novel, 
Old St. Paul’s, or of the cath 
was dean. Any or all of t 
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St. Paul’s Cathedral means to me. So in this sense the 
meaning of a word implies its power to awaken in us 
all kinds of past associations, ideas, and feelings, and 
sometimes memory-images, and these must depend 
upon numerous and widespread pathways irradiating 
Over the surface and deep into the substance of the 
brain. Yet clearly we can speak the word and know 
what it means without calling up any of these associa- 
tions, so that often in conversation the words ‘St. Paul’s 
Cathedral’ just stand for all these potential associations 
Without necessarily making us conscious of any of them. 
We are able to do this because there exists in the brain 
an electrical pattern for each word which is not identical 
with those underlying either its sound or its meaning. 

Here we have reached the foundation of all language 
—the fact that a word can stand for the concrete thing 
or the abstract idea which it represents. But the value 
—and also the danger—of words for the purposes of 
thought is that though they are linked with their 
Meanings we can deal with them as though they were 
relatively independent of them. We treat them as 
counters, or bank-notes, or cheques, so that, as the 
Philosopher Leibniz put it, we can perform complicated 
Operations with them and wait until these operations 
are concluded before converting the results into coins. 
But words would be useless for thinking if they did not 
retain below the surface of our minds their links with 
their meanings; and it was the constant task of Socrates, 
as it is of philosophers to-day, to persuade people to 
examine the meanings of the words they usc. — 

Now let me try and sum up what I have said. All 
stimuli, whether sights, sounds, or other sensations, " 
reach the brain as electrical patterns, and it scems to 
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be a basic function of the nervous system to analyse 
these patterns so as to detect similarity amidst differ- 
ences. A rat can distinguish a triangle from other 
geometrical figures, and this is the beginning of abstract 
thought. We do the same thing with words. The word 
‘dog’ for the nervous system is not simply any of the 
thousand and one ways in which it can be pronounced: 

' it is also an electrical pattern which is called up by 
each and all of them and of which we are not even 
conscious. The function of this electrical pattern is to 
arouse other patterns—those underlying ideas, feelings, 
and perhaps memory-images, which is what the word 
means to us and through which we know what it refers 
to. We can think to some extent without words, but 
only in rather a concrete Way: we cannot entertain 
abstract ideas without using them. But when we think 
with words we often use them, like counters, to stand 
for things or ideas, in order to save ourselves the 
trouble of having to think every time about the things 
or ideas themselves. To that extent we are all like the 
little girl who was told to think before she spoke and 
replied: ‘But how can I know what I think till I hear 
what I say? 


_ Is it likely that Physiology will ever throw any real 
light upon the relationship between the brain and the 
mind? I believe that, Working in conjunction with 
psychology, it will; but you must not expect me to give 
you a clear idea of how that will happen. I can only 


a molecule is a pattern ofa 


patterns of patterns, and so oni i 
complicated patterns we a finitely. The most 


SPEECH AND THOUGHT 55 
only are there twelve thousand million nerve cells out 
of which the patterns can be made, but nervous patterns 
exist in time, like a melody, as well as in space. If you 
look at a tapestry through a magnifying glass you will 
sce the individual threads but not the pattern: if you 
stand away from it you will see the pattern but not the 
threads. My guess is that in the nervous system we are 
looking at the threads while with the mind we perceive 
the patterns, and that one day we shall discover how 
the patterns are made out of the threads. 


ge 
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THE CEREBRAL CORTEX AND THE 
MIND OF MAN 


By WILDER PENFIELD 


Soe of you may raise eyebrows in surprise that a 

neurosurgeon should presume to consider so abstract 
a problem as the physical basis of the mind. But I may 
point out that addiction to the use of the scalpel did 
not exclude the founder of heurosurgery, Sir Victor 
Horsley, nor his pupil, Wilfred Trotter, from such 
Preoccupations. And to-day it does not prevent 
Geoffrey Jefferson of Manchester and Hugh Cairns of 


Oxford from contributing with distinction to this field 
of thought. 


Years ago Sir Charl 


es Sherrington demonstrated to 
his students, of whom I 


was one, delicate reflexes which 


contact, stepping, 
automatic reflex action throu 
and lower brain stem 


1 > 1S something that we cannot 
sce or touch or stimulate. It is the faculty which is 


responsible for that portion of human behaviour which 
does not seem to be automatic, 


Men and women who have some minor affection of 


deal about the mind. It is 
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surgeon that I shall draw upon here. It is not so far a 
cry from the brain of a monkey to the brain of a man. 
The two individuals do not think alike, and I suspect 
that the monkey would always enrol himself with the 
opposition if he could; but the mechanisms of the two 
nervous systems are alike, and many a man has been 
freed from some affliction because of the experiments 
of Sherrington and Adrian upon laboratory monkeys. 

Everyone knows that the mind of a man is something 
that depends upon the action of the brain. Things are 
seen, heard, felt, or smelt only when electrical currents 
are conducted along appropriate nerve tracts to the 
brain. Problems are worked out by using the brain. 
A voluntary act is dictated somehow at a high level of 
Organization within the cranial cavity. Then executive 
Messages are flashed down the spinal cord and out 
along the nerves, and action through muscular con- 
traction follows with amazing speed and dexterity. 
Everyone knows, too, that a blow upon the head may 
put an end to feeling, action, thought. The man, upon 
whose unlucky shoulders that head was resting, be- 
comes unconscious. The action of the brain is arrested 
by the blow, and so the mind does not exist for the time 
being. All this is the commonest of common know- 
ledge, Shakespeare was aware of these things when he 
referred to the ‘brain which some suppose the soul's 
frail dwelling house." 

What can we say about the mechanisms within that 
‘dwelling house’? There are in it millions of nerve cells, 
Or neurones, cach provided with long nerve fibres 
capable of conducting clectrical impulses. Each nerve 
cell sends out such impulses. It is obvious that there 
must be a co-ordinating centre within the ‘house,’ a 
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sort of telephone exchange or switchboard to which 
messages come, and from which messages depart after 
appropriate decisions are reached, decisions that are 
based upon memories of previous experience am 
influenced by present desires. Nes 
The brain is a large spherical organ that is divided 
into two partially separated halves, the right and ells 
left hemispheres. A superficial layer of nerve © E 
covers the whole of the cerebral hemispheres in k 
outer mantle of grey matter, This is the cerebral E. 2 
v. Cortex. The most striking difference between t 
brain of man and that of other animals, which we refer 
to as lower than ourselves, is the enormous development 
of cerebral cortex which is found in man. It covers the 
convolutions and folds itself down deeply into the 
fissures that separate the convolutions. Thus, there 1$ 
actually more of the cortex within the fissures than 
there is on the surface. This increased development © 
the cortex of man as compared with that of the lowe? 
animals is Particularly great in the frontal lobes that 
occupy the front Part of the skull. For example, eve” 
When we allow for the difference in size of the cat brain 
and the human br ain, man has eight times more cortex 


in the anterior frontal 3 : i read 
The shap nta. region than his feline fri 


of his forehead bears testimony to this. 
Whether man makes good use of this cellular endow- 
opini T Story. Perhaps the cat has an adverse 
pion regarding this point. However, these facts have 
Ssumption that the co-ordinating and 
entre of man’s brain, the switchboard, is 
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There is another enormous assemblage of nerve cells 
within the brain. It lies in the grey matter of the old 
brain, which is called the thalamus, and the midbrain. 
This is placed in a central position deep within the 
hemispheres. This accumulation of grey matter I shall 
refer to as the upper brain stem. It is endowed with 
the lines of communication which are prerequisite to 
the establishment of any headquarters. There are 
adequate nerve fibre connections between it and the 
whole cortex of both hemispheres and with the ‘trunk- 
line’ fibre tracts of the lower brain stem and spinal cord. 
Injury to this area, even an injury of small extent, 
seriously interferes with understanding, or more often 
produces deep unconsciousness. Large injuries confined 
to the cortex do not abolish consciousness, and we have 
learned that many areas of cortex can be removed with 
relative impunity. 

The cortex covers the surface of the two hemispheres 
with a mosaic of functional areas. One area is devoted 
to vision, another to hearing, another to the sense of 
touch, another to movement of arm or leg, and still 
others to skills of hand and skills of mouth, such as 
Speaking. The mosaic of the cortex of the right hemi- 
sphere is the mirror image of that of the left. All of 
these areas have connection with the upper brain stem. 
Almost all inward flowing currents of sensation may be 
said to go to the cortex for elaboration and then on 
to the upper brain stem. Only pain sensation goes 
directly to headquarters without a detour to the cortex. 
Thus, the cortex is sub-divided into distinct areas 
which serve the purposes of different functions. The 
large sheet of cortex which covers the front part of the 
brain seems to be utilized by man when he is thinking 
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of new plans and seeking greater insight into life's. 
problems. This is the portion of the brain which the 
cat might consider quite unnecessary. Psychiatrists 
have apparently reached the same conclusion, for 
during the last few years they have made the operation 
of leucotomy fashionable as a cure for the anxiety of 


some patients who are insane and for others who are 
not so insane. This 


frontal lobes, does n. 
other parts of the c 


planned initiative, He may have gained peace of mind 
but he has lost a type of insight that is difficult to 
define. 

In the trea 


tment of certain conditions, especially 
focal epilepsy 


; it becomes necessary for the neuro- 


> the thro, 


atm llow, 
the mouth may Open while th SANG 


€ patient vocalizes in a 
eyelids may open and the 
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two eyes turn in unison as though looking upwards or 
across to the opposite side. As far as the patient is 
concerned, these movements are irresistible. When the 
electrode is applied, for example, to the motor area of 
the right hemisphere, he cannot, by the exercise of his 
will, prevent his left hand from moving, but he can 
Teach over with the other hand and thus hold the 
moving member still. When he does this, he doubtless 
makes use of the motor area in the cortex of the 
untouched hemisphere. The effector mechanism em- 
ployed by him during voluntary activity is denied him 
i one cortex but is still available to him in the other. 
There are still more complicated mechanisms, which 
he must employ when he visualizes the movement of 
his frce hand and when he starts the hand on its 
Projected mission of finding and holding still its help- 
less Counterpart on the opposite side of the body. 
hese mechanisms depend upon mechanisms within 
the upper brain stem. But these mechanisms must in 
turn employ the functional activity of various cortical 
areas with which the brain stem has direct connection. 
, In occasional cases of focal epilepsy there is chronic 
irritation of the cortex on the side beneath the temple 
and the ear. This is the temporal lobe. The irritation 
Seems to sensitize the grey matter of that cortex so 
Much that the surgeon’s electrode may reveal the true 
nature of this region, although under ordinary circum- 
Stances stimulation has no obvious effect. In such 
Conditions, stimulation may awaken a memory or cause 
the patient to experience a dream that is made up of 
Materials from the storehouse of his memory. And yet, 
during the dream that is thus produced, he may retain 
some hold on the reality of his environment. While it 


62 THE PHYSICAL BASIS OF MIND 


is going on, he may say to the surgeon, ‘Wait and Ill 
tell you? Then, after the electrode is withdrawn, he 
describes the experience. For instance: ‘I was in my 
mother’s house. My sisters and mother were there. 
Everyone was talking.’ 

Thus, the patient could talk with understanding even 
while he was having a dream that came to him as the 
result of artificial activation of neurone patterns, pat- 
terns that had been formed in the cortex of one 
temporal lobe during past experience. Other evidence 
has suggested that the similar cortex of the opposite 
hemisphere contains duplicate recordings of memory 
patterns. Now, if the individual were to recall, volun- 
tarily, the appearance of his mother’s living-room, we 
may surmise that he would activate the same pattern 
of cortical nerve cell connections. But he would be 
activating it from within. 

Let us consider the situation of the patient a little 
further. Action that is produced by electrical stimula- 
tion of the cortex is so gross, so lacking in dexterity, that 
it may be likened to the Sound of a piano when its 
keyboard is struck with the palm of the hand. Skilled 


finger movement can only be elicited from the pre- 


central gyrus when it is played upon by impulses that 


: : his motor cortex a series 
of impulses which cause the fingers to move skilfully 
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over the keyboard. When someone else listens to the 
concerto, he, or she, hears music that resembles the 
auditory memory pattern within the player’s cortex. 
The player also listens to his own performance and he 
compares it with this memory record. If a wrong note 
1s struck, he may stop the playing and begin it over 
again. When someone else watches the fingers of the 
Player, he sees the motor performance which is made 
possible by skilled use of the cortical motor apparatus. 
If an electrophysiologist, or physicist, could apply a 
sufficiently delicate galvanometer to the motor cortex 
of the player, he might even record the series of nervous 
Impulses that reach the cortex. That series of impulses 
Would constitute an electronic pattern of the concerto! 
: Thus, I am suggesting that the master motor area, 
In the brain of man, may be found at the level of the 
upper brain stem where sensory information of finger 
Position is available, where the visual image of the 
Plano is available, where the memory of the music is 
available, as well as the auditory effect, and where 
Conscious control is exerted upon the mechanisms of 
Movement. Such a headquarters switchboard as that 
1s so delicate, so complicated, as to stagger the imagina- 
ton, but the evidence is overwhelming that it does 
exist, And it is the seat of consciousness which Herbert 

Pencer defined as ‘that nervous centre to which 
mediately or immediately the most heterogeneous 
impressions are brought.’ It would seem that the place 
1s in the upper brain stem. But it can only function 
Properly by the simultaneous employment of the 
Various areas of the cortex, each contributing to a 
different aspect of mental activity. In a sense, there- 
fore, the higher brain stem, together with that portion 
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of the cortex which is being employed at the moment, 
is the seat of consciousness. 1 

It is the ‘physical basis of the mind,’ this hypothetical 
mechanism of nerve cell connections. When a man ES 
conscious, one may conceive that within his brain 
impulses are passing along a million insulated nerve 
fibres that compose this complex, impulses that are 
somehow co-ordinated into the orderly sequences of 
deliberate thought. 

What is the real relationship of this mechanism to 
the mind? Can we visualize a spiritual element of 
different essence capable of controlling this mechanism? 
When a patient is asked about the movement which he 
carries out as the result of cortical stimulation, he never 
is in any doubt about it. He knows he did not will the 
action. He knows there is a difference between auto- 
matic action and voluntary action. He would agree 
that something clse finds its dwelling-place between the 
Sensory complex and the motor mechanism, that there 
is a switchboard operator as well as a switchboard. 
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THE PHYSICAL BASIS OF MIND: A 
PHILOSOPHERS’ SYMPOSIUM 


I 


By THE RT. HON. VISCOUNT SAMUEL 


E so short a broadcast, I can only offer baldly my 
; OWn conclusions on the question debated in this most 
Interesting, and indeed exciting, discussion, without 
attempting any survey of the previous contributions. 

The discussion has been an approach, from the side 
of Physiology, to one of the oldest and most funda- 
mental of the problems of philosophy—the relation 

tween mind and matter. For centuries, philosophers 
of different schools have made strenuous efforts to 
Tesolve one into the other. Some have sought to show 
that mind is nothing more than an emanation, in the 
Course of evolution, from matter; others that matter is 
Nothing more than a concept of mind, which alone is 
Teal. Those efforts have been unsuccessful: neither 
view has won general assent. 

The materialists appear to ignore the obvious lessons 
Of daily experience. We see, every moment, events 
Which cannot be accounted for by derivations, however 
Subtle, from physical or chemical processes. Watch a 
Chess-player deliberating for a quarter of an hour 
Whether to move his queen here or a pawn there. At 
last he stretches out his hand and does the one or the 
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other: or he may do neither; using his vocal organs, ne 
may say, ‘I resign this game.’ The physiologist v i 
reveal the nervous and muscular mechanism n 
operates the hand or the tongue, but not the po 
which has decided the player’s action. Or consider fs 
novelist making up a story, a musician writing a 
symphony, a scientist engaged in a mathematic E 
calculation; or, indeed, something much simpler, i 
bird building its nest, and choosing the right amc S 
for each stage; or a cat waiting for a pause in the trafic 
before crossing the street, All these, and all such, are 
engaged in some process that is different in kind from 
electrical attractions and repulsions, or from the pro- 
cesses that unite particles into atoms, atoms into 
molecules, molecules into objects, and move them 
about relatively to one another. 

The idealists do not a 
are bound to acce 
anthropology—if 
anything at all—ț 
earth existed ae 


universe carried on its activities then—and may pro- 
perly be assumed to carry them on n 


> removing the problem 
outside the scope of the argument. 
The whole effort—to resolve mind into matter Or 
else matter into mind—is th 
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beware of becoming addicts. What ground is there for 
requiring any such unification, either of the one kind 
or of the other? An essential duality in nature is the 
alternative that is left. 
: For those who have proceeded on that assumption, 
it has been natural and usual to regard the living 
Conscious body as the province of mind and the outside 
Material universe as the province of matter. This series 
of addresses, which is now concluding, has been most 
valuable in showing that that is an error; it has put the 
boundary between the two in the wrong place. The 
eminent scientists who have taken part in it have 
clearly established that the acceptance of sense stimuli, 
the transmission of their effects along the nerve fibres, 
and their activation of different parts of the brain, are 
mechanical. Whether the approach is from bio-physics 
9r bio-chemistry, anatomy or pathology, the conclusion 
I5 the same—these are material activities, obeying 
Mechanical laws. Dr. Russell Brain who spoke on 
Speech and Thought’ tells us that ‘all stimuli reach the 
Tain as electrical patterns’; Professor Le Gros Clark 
and others describe with great clarity the mechanism 
9! the nervous system as a whole. We must conclude 
that these processes, although inside the body, are not 
essentially different from the physical processes that are 
Boing on outside ;rather they are a continuation. When 
We fecl an electric shock, the nerve fibres that carry the 
Current are performing a function similar in kind to 
that of the copper wire between the battery and the 
hand. When we hear a sound, the mechanism of the 
auditory organs, including the relevant part of the 
brain, is specialized, no doubt, but is not fundamentally 
Of a different order from the air-waves which had 
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carried the sound. It follows that the mecting-place 
between mind and matter in our own experience is not 
where we had supposed it to be; it is not at the boun- 
dary between body and not-body, but is internal. : 

That, however, does not solve the problem; it merely 
shifts it. Some mecting-place there must be to account 
for the brain-mind relation. And we are bound to 
assume that, although the two are of different orders, 
they must have something in common, because the 
is a meeting-place; because the two interconnect an! 
interact; because body (including brain) does in fact 
condition and influence mind, and mind does in fact 
condition and influence body. 

The painter or sculptor is conditioned and influenced 
by his materials; the composer by the musical instru- 
ments that exist in his time; the architect by the 
available building materials; the craftsman by his tools; 
the captain and crew by their ship. But also the artist; 
composer, architect, craftsman, or navigator chooses 
the things that he will use and decides the purposes that 
they shall serve. So with mind and body. 

This discussion has helped to clarify the whole 
problem by establishing the fact that the meeting-place 
is not at the points where 


the nervous system; 


ystem; it is at the points where min 
accepts and utilizes the sense 


over at those points; and 
egin to consider how the 


Here again our scientists are substantially agreed. 
Professor Le Gros Clark sa; M 
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able even to suggest how the physico-chemical pheno- 
mena associated with the passage of nervous impulses 
from onc part of the brain to another can be translated 
into a mental experience.’ Dr. Penfield compares the 
Mechanism of nerve-cell connections to a telephone 
Switchboard. He asks: ‘What is the real relationship 
of this mechanism to the mind? He says that ‘there is 
a difference between automatic action and voluntary 
action: . , . that something else finds its dwelling-place 
between the sensory complex and the motor mechan- 
ism, that there is a switchboard operator as well as a 
switchboard.” Sir Charles Sherrington has written 
elsewhere, "That our being should consist of two funda- 
Mental elements offers, I suppose, no greater inherent 
"Probability than that it should rest on one only.’ 
Again, ‘We have to regard the relation of mind to 
rain as still not merely unsolved, but still devoid of a 
asis for its very beginning.’ And he has ended his 
Sümulating contribution to the present discussion by 
Saying, ‘Aristotle, 2,000 years ago, was asking how is 
€ mind attached to the body? * We are asking that 
question still.’ . j 
That, it seems, is where we are now at a standstill. 
ntil science and philosophy can help us to move on 
rom that position we cannot hope that the universe 
Will, for us, be rationalized. 


`A 
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II 
By A. J. AYER 


I WONDER. if Lord Samuel has made it completely 

clear exactly what the problem is that the philoso- 
phers are here called upon to solve? The scientists who 
have spoken in this series have shown very fully and 
convincingly how various mental processes—thinking, 
fecling, perceiving, remembering—are causally depen- 
dent upon processes in the brain, but to some of them 
at least the character of this connection still appears 
mysterious. Thus, Sir Charles Sherrington remarks that 
‘it is a far cry from an electrical reaction in the brain 
to suddenly seeing the world around one, with all its 
distances, colours, and chiaroscuro’; and Professor 
Adrian confesses to the same ‘misgivings’ when he says 


that ‘the part of the picture of the brain which may 
always be missing 


with the mind, the 
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were hoping to discover in the brain something 
describable as the locus of the mind; as if mind and 
brain could be conceived as meeting at a point in space 
9r as somehow shading into one another: but to me 
this is not even an intelligible hypothesis. What would 
it be like to come upon this junction? By what signs 
would you recognize it if you found it? Descartes had 
the same problem, and he met it by suggesting that 
mind and body came together in the pineal gland; but 
how this conjecture could conceivably be tested he did 
not explain. The reason he had the problem—the 
reason why we have it still—is that matter and mind 
Were conceived by him from the outset as distinct 
Orders of being; it is as if there were two separate 
worlds, such that every event had to belong to one or 
other of them, but no event could belong to both. But 

©m these premisses it follows necessarily that there 
can be no bridge or junction; for what would the bridge 
Consist of? Any event that you discovered would have 
to fall on one or other side of it. So, if there is a diffi- 
culty here, it is not because our factual information is 
scanty, but because our logic is defective. Perhaps this 
Whole manner of conceiving the distinction between 
mind and matter is at fault. In short, our problem is 
Not scientific but philosophical. 

Let us consider, then, what can be meant by saying 
that a particular pattern of nerve impulses ‘produces’ 
an idea, or that ‘a thought decides’ which nerve cells 
are to come into action. What are the facts on which 
Such assertions are based? The facts are that the 
Physiologist makes certain observations, and that these 
observations fall into different categories. On the one 
hand there are the observations which lead him to tell 
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his story about nerve cells and electrical in 
That is to say, the story is an interpretation Oo a: 
observations in question. On the other hand there a E 
the observations which he interprets by saying that t 
subject of his experiment is in such and such a me 
state, that he is thinking, or resolving to perform som 

action, or feeling some sensation, or whatever it may 
be. It is then found to be the case that these two sonis 
of observations can be correlated with one anon 
that whenever an observation of the first type can Ş 
made, there is good reason to suppose that an e 

tion of the second type can be made also. For examp. €; 
when the scientists make observations which they 
interpret by saying that such and such nerve cells are 
undergoing such and such electrical disturbances, they 
can also make observations which are interpreted by 
saying that the subject is having sensations of a certain 
type. Again, when they are able to make such observa- 
tions as are interpreted by saying that the subject is 


resolving to perform some action, they can also make 
further observations which 


that certain impulses are 
nerve fibres. I 
that the two e 
physical—are 
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purually accompany one another. You may say that 
tr ES an explanation; but such an explana- 
thi ould only be some theory from which the fact of 
id $ correlation could be deduced. And in so far as the 
it es Was not a mere redescription of the facts which 
then intended to explain, it would serve only to fit 
Bir E a wider context. We should learn from it 
mie sd were these observations correlated, but 
op urther types of observation were correlated, 
HB em. To ask why something occurs, if it is not 
we et to asking how it occurs, is to ask 
f io er things are associated with it. Once the 
cts are fully described, there is no mystery left. 
Eee seems to be a mystery in this case, it is 
B» Sm on are misled by our conceptual systems; not 
dis 3 tacts themselves but by the pictures which we 
amet Interpret the facts. The physiologist’s story is 
E plete in itself. The characters that figure in it are 
erve cells, electrical impulses, and so forth. It has no 
Place for an entirely different cast, of sensations, 
thoughts, feelings, and the other personae of the mental 
Play. And just because it has no place for them they 
do not intervene in it. The muddle arises from trying 
to make them intervene, as I am afraid Lord Samuel 
does. We then get a confused, indeed an unintelligible, 
Story of electrical impulses being transmuted into 
Sensations, or of mental processes interleaved with 
disturbances of the nervous cells. The picture we are 
given is that of messengers travelling through the 
brain, reaching a mysterious entity called the mind, 
receiving orders from it, aud then travelling on. But 
since the mind has no position in space—it is by 
definition not the sort of thing that can have a position 


" 
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in space—it does not literally make sense to talk oF 
physical signals reaching it; nor are there such ae 
poral gaps in the procession of nervous impulses 
would leave room for the mental characters to inter- 
vene. In short, the two stories will not mix. It is We 
trying to play Hamlet, not without the Prince se 
Denmark, but with Pericles, the Prince of Tyre. Bu 
to say that the two stories will not mix is not to say that 
either of them is superfluous. Each is an interpretation 
of certain phenomena and they are connected by the 
fact that, in certain conditions, when one of them is 
true, the other is true also, 

My conclusion is, then, that mind and body are not 
to be conceived as two disparate entities between which 
we have to make, 


bridge, but that talking about minds and talking about 
bodies are different ways of class 


Not give rise to serious Philosophical problems; how; 
for example, to analyse 


and feelings of others 
people’s so-called mental processe: 
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III 


By GILBERT RYLE 


iis story is told of some peasants who were terrified 
at the sight of their first railway-train. Their pastor 
therefore gave them a lecture explaining how a steam- 
engine works. One of the peasants then said, ‘Yes, 
pastor, we quite understand what you say about the 
steam-engine. But there is really a horse inside, isn’t 
there? So used were they to horse-drawn carts that 
they could not take in the idea that some vehicles 
propel themselves. 

We might invent a sequel. The peasants examined 
the engine and peeped into every crevice of it. They 
then said, ‘Certainly we cannot see, feel, or hear a 
horse there. We are foiled. But we know there is a 
horse there, so it must be a ghost-horse which, like the 
fairies, hides from mortal eyes.’ 

The pastor objected, ‘But, after all, horses themselves 
are made of moving parts, just as the steam-engine is 
made of moving parts. You know what their muscles, 
joints, and blood-vessels do. So why is there a mystery 
In the self-propulsion of a steam-engine, if there is none 
In that of a horse? What do you think makes the 
horse's hooves go to and fro?’ After a pause a peasant 
replied, *What makes the horse's hooves go is four extra 
little ghost-horses inside.’ 

Poor simple-minded peasants! Yet just such a story 
has been the official theory of the mind for the last 
three very scientific centuries. Several, though not all, 
of the scientists in this series have automatically posed 
their problem in this very way. I think that Lord 
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Samuel still accepts the whole story, and that Professor 
Ayer would like to reject it, but does not sec how to do 
so. For the general terms in which the scientists have 
set their problem of mind and body, we philosophers 
have been chiefly to blame, though we have been 
obsessed, not by the rustic idea of horses, but by the 
newer idea of mechanical contrivances. The legend 
that we have told and sold runs like this. A person 
consists of two theatres, one bodily and one non-bodily. 
In his Theatre A go on the incidents which we can 
explore by eye and instrument. But a person also 
incorporates a second theatre, Theatre B. Here there 
go on incidents which are totally unlike, though 
synchronized with those that go on in Theatre A. 
These Theatre B episodes are changes in the states, not 
of bits of flesh, but of something called ‘consciousness,’ 
which occupies no space. Only the proprietor of 
Theatre B has first-hand knowledge of what goes on in 
it. It is a secret theatre. The experimentalist tries to 
open its doors; but it has no doors. He tries to peep 
„through its windows, but it has no windows. He is 
foiled. ; 

We tend nowadays to treat it as obvious that a 
person, unlike a newt, lives the two lives, life ‘A?-and 
life ‘B; each completely unlike, though mysteriously 
geared to the other. Ingrained hypotheses do feel 
obvious, however redundant they may be. The 
Pe ae Tee ya Orr ECHO olde A stea 


engine was hugely different from a cart and automatic- 
ally but incorrectly explained the difference by 
postulating a ghost-horse' inside. So most of us, 
correctly thinking that there are huge differences 


between a clock and a person, automatically but 
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incorrectly explain these differences by postulating an 
extra ‘set of ghost-works inside. We correctly say that 
people are not like clocks, since people meditate, 
calculate, and invent things; they-make plans, dream 
dreams, and shirk their obligations; they get angry, feel 
depressed, scan the heavens, and have likes and dislikes; 
they work, play, and idle; they are sane, crazy, or 
imbecile; they are skilful at some things and bunglers 
at others. Where we go wrong is in explaining these 
familiar actions and conditions as the operations of a 
Secondary set of secret works. 

Everybody knows quite well when to describe some- 
one as acting absent-mindedly or with heed, as babbling 
deliriously or reasoning coherently, as feeling angry but 
not showing it, as wanting one thing but pretending to 
want another, as being ambitious, patriotic, or miserly. 
We often get our accounts and estimates of other people 
and of ourselves wrong; but we more often get them 
right. We did not need to learn the legend of the two 
theatres before we were able to talk sense about people 
and to deal effectively with them. Nor has this fairly 
new-fangled legend helped us to do it better. 

When we read novels, biographies, and reminiscences, 
we do not find the chapters partitioned into Section 
‘A,’ covering the hero’s ‘bodily’ doings, and Section ‘B, 
covering his ‘mental’ doings.’ We find unpartitioned 
accounts of what he did and thought and felt, of what 
he said to others and to himself, of the mountains he 
tried to climb and the problems he tried to solve. 
Should an examiner mark the paper written by the 
candidate’s hand but refuse to assess the candidate’s 
wits? Theorists themselves, when actually describing 
people, sensibly forget Theatre A and Theatre B. Sir 
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Charles Sherrington paid a well-deserved compliment 
to Professor Adrian, but he did not pay one cool com- 
pliment to Professor Adrian ‘A’ and another warmer 
compliment to Professor Adrian ‘B.’ 

In saying that a person is not to be described as a 
mind coupled with a body I am not saying, with some 
truculent thinkers, that people are just machines. Nor 
are engines just wagons or live bodies just corpses. 
What is wrong with the story of the two theatres is not 
that it reports differences which are not there but that 
it misrepresents differences which are there. It is a 
story with the right characters but the wrong plot. It 
is an attempt to explain a genuine difference—or 
rather a galaxy of differences—but its effect, like that 
of the peasants’ theory, is merely to reduplicate the 
thing to be explained. Tt says, "The difference between 
a machine like a human body on the one hand and 
a human being on the other is that in a human being, 
besides the organs which we do see, there is a counter- 
part set of organs which we do not see; besides the 
causes and effects which we can witness, there is a 


nd effects which we cannot 


à from examining Theatre B is 
not that it has no doors or windows, but that there is’ 


no such theatre. What prevented the peasants from 
finding the horse was not that it was 


Ty people are differ- 


ent not only from machines, but also from animals, 
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imbeciles, infants, and corpses. They also differ in 
countless important ways from one another. I have not 
begun to show how we should grade these differences. 
I have only shown how we should not grade them. 
One last word. In ordinary life (save when we want 
to sound knowing) we seldom use the noun ‘Mind’ or 
the adjective ‘mental’ at all. What we do is to talk of 
people, of people calculating, conjuring, hoping, 
resolving, tasting, bluffing, fretting, and so on. Nor, in 
ordinary life, do we talk of ‘Matter’ or of things being 
‘material.’ What we do is to talk of steel, granite, and 
water; of wood, moss, and grain; of flesh, bone, and 
sinew. The umbrella-titles ‘Mind’ and ‘Matter’ obliter- 
ate the very differences that ought to interest us. 
Theorists should drop both these words. ‘Mind’ and 
Matter’ are echoes from the hustings of philosophy and 
prejudice the solutions of all problems posed in terms 
of them. 
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